DQi and C4 null alleles have been defined in patients with rheumatoid arthritis, Felty's syndrome, and in control subjects. Comparison of DR4 positive subjects shows that rheumatoid disease without extra-articular features has no preferential associations with either DQi or C4 null variants. In Felty's syndrome there are significant associations with both the class H major histocompatibility complex (MHC) DQw7 allele (86%h of DR4 positive patients with Felty's syndrome and 53% of DR4 positive controls) and the class HI MHC CAB null allele (50%/o of patients with Felty's syndrome and 20%h of DR4 positive controls). DQw7 and the C4B null allele are in linkage disequilibrium and the B44-Bf *S.C4A*3-C4B*QO DR4-DQw7 haplotype accounts forfive of24 DR4 positive haplotypes assigned in subjects with Felty's syndrome.
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The results were not accounted for by articular disease severity and suggest that articular and extra-articular forms of rheumatoid disease may be immunogenetically heterogeneous. Dr G .
Accepted for publicatio 22 January 1990 The genetic predisposition to rheumatoid arthritis (RA) is poorly understood but partly accounted for by genes within the major histocompatibility complex (MHC). The group.bmj.com on April 5, 2017 -Published by http://ard.bmj.com/ Downloaded from those with Felty's syndrome was the haplotype HLA-B44-Bf*S-CAA*3-CAB*QODR-DQw7 which accounted for five of the 24 DR4 positive haplotypes assigned in those with Felty's syndrome. Haplotypes were assigned in four subjects positive and heterozygous for both markers and in one of these subjects the C4B null allele and DQw7 were on opposite haplotypes (trans).
By simple subdivision of data according to the presence or absence of either DQw7 or the C4B null allele neither association was clearly secondary to the other as the prevalences of the C4B null allele in subjects positive and negative for DQw7 were 52% and 40% respectively while the prevalences of DQw7 in subjects who do and do not type for a C4B null allele were 88% and 82% respectively. The empirical logistic method has been used previously to try to determine which of two associations with a disease may be primary where two markers are in linkage disequilibrium.'4 In our study the empirical logistic analysis suggested that the DQw7 association is more likely to be primary (p=0-014) than the C4B null allele association (p=0 3) or the combined effect of both markers (p=069).
Eleven further subjects with RA without extra-articular features were chosen as a match for the first 11 subjects with Felty's syndrome on the basis of age, sex, disease duration, and articular disease severity (radiological). In this small group the prevalence of the C4B null allele was 27% and only three of the seven DR4 positive subjects typed for DQw7.
Discussion
These results confirm the associations within DR4 positive subjects between Felty's syndrome and both DQw7 and C4B null alleles, which are studied together for the first time in a group of subjects with Felty's syndrome. DQw7 and C4B null allele prevalences are not increased in subjects with RA without extra-articular disase features so that DQw7 and C4B null alleles seem to be markers within the rheumatoid population for those at risk of developing the extra-articular features of Felty's syndrome. We cannot account for these associations simply on the grounds of articular disease severity as in a small group of subjects with RA matched for articular disease severity, no trend for a similar effect is seen.
The main HLA association for rheumatoid disease regardless of extra-articular disease features has been with HLA-DR4. DR alleles associated with susceptibility to RA share a common amino acid sequence at residues [70] [71] [72] in the third hypervariable region of the DRB1 gene and this sequence has been proposed as the molecular basis for the HLA association with RA.15 It III regions respectively, or a primary association of either DQw7 or C4B null alleles with the other association being secondary, or both genes might be secondary to linkage disequilibrium with a single gene elsewhere in the MHC. In the total population studied DQw7 and the C4B null allele are in linkage disequilibrium and the haplotype BBf*SC4A*XC4B*QODR4-DQw7 accounts for five of 24 DR4 positive haplotypes ascertained in subjects with Felty's syndrome. In this situation where two markers in linkage disequilibrium are associated with a disease it is often difficult to define which association, if either, is primary. In this study simple subdivision of the data according to the presence and absence of either marker does not show either effect as clearly secondary. The empirical logistic method has been used previously to investigate which of two markers may have a primary association with a disease after allowing for allelic association between the two markers.'4 Application of this analysis suggests that the DQ, association is more likely to be primary than the C4B null allele association. Numbers of subjects tested are limited, however, so that these results should be interpreted with caution and do not definitely exclude the possibilities that both associations might be secondary to the effect of a gene elsewhere in the MHC or might represent an effect of separate genes within class II and class III regions respectively. This latter possibility is supported by the finding of a trans association of DQw7 and C4B null alleles in one of only four subjects with Felty's syndrome positive and heterozygous for both markers and in whom haplotypes have been ascertained. A direct effect for the C4B deficiency is also supported by the variety of molecular mechanisms from which a CAB null allele may arise. 16 One mechanism by which a separate class III effect might occur is through a direct effect of the partial C4B deficiency itself. Circulating immune complexes may contribute to the pathogenesis of Felty's syndrome '7 
